in heat balance which occurs in rats exposed to a moderately cold environment is characterized bY an increased produ ction of heat, rather than by a decrease in its loss. This has been demonstrated by the measurement of oxygen consumption, and by direct calorimetry (1-3). Increased oxygen consumption in the cold can be attributed to increased activity of skeletal muscle and also, in the acclimatized rat, to an increase in the metabolic activity of visceral tissues (4). On initial exposure, the non-acclimatized rat is able to increase its oxygen consumption to almost as high a level as that of the acclimatized animal, but under severe conditions lacks the same capability to continue producing heat at the high rate necessary to maintain the temperature of the body (5).
In addition to the altered metabolism of visceral tissues already demonstrated, a difference between the acclimatized and nonacclimatized rat might also exist in the responses of the skeletal muscles to cold. Experiments were carried out in order to measure the electrical activity of the skeletal muscle of acclimatized and non-acclimatized rats and to relate these find ings to the rate of oxygen consump tion and to body tempera ture at normal and low ambient temperatures.
MATERIALS AND METHODS
Male rats of the Wistar strain, bred in the laboratory were used in all experiments.
Rats were considered to be acclimatized after living in a cold room at I:, 5 & IOC for a minimum period of 6 weeks. Most of the acclimatized rats had been exposed to cold for at least 3 months, During this period they were kept in individual metal cages and were fed the usual laboratory ration2 with
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2 Fox breeder cubes, Master Feeds, Toronto Elevator Company, Toronto.
water ad libitum. Normal rats were kept IO-N in a cage in the animal colony and were fed the same ration with water ad libitum.
They were taken as required for experimental purposes and were paired with acclimatized rats according to body weight. The rats varied from 208-310 gm in weight.
The muscular activity was estimated electronically+ In the first series of experiments the muscle-electrode used was the outer covering of a thermocouple-needle. This was not coated so that its whole length was available as the electrode.
The needle was inserted into the triceps muscle of the left foreleg and was held in position by adhesive plaster which encased the limb, Movement of the electrode was thus kept to a minimum, The indifferent electrode was attached to the tail of the animal.
In the remaining three series a 'safetypin electrode' was used. The pin was inserted through the skin and muscle mass posterior to the femur and in this position the safety catch was fastened. The surface of the electrode was not insulated, so that although some movement along the long axis was possible, there would be little change in the relative position of the active muscle fibres and the electrode.
A similar type of electrode was fastened to the opposite hind leg. The leads from both electrodes were then attached to either side of a 'push-pull'
amplifier. This was a conventional three-stage balanced amplifier, the frequency response of which is flat from 1004,ooo cps. The output of the amplifier was fed into a rectifier and voltage integrator. The reading of the integrator gave the total electrical activity of the muscle during the period examined in arbitrary units .3 For each experiment two integrators were matched and calibrated against a test signal. In series 3 and 4 the two channels were transposed to eliminate any possible variation in the response of the amplifiers.
In the first series (electrodes in triceps muscle of the left foreleg and tail) the contribution of the potentials resulting from action of the heart to the total 'integrated' electrical activity was considerable, The electrocardiographic pattern could be seen on an oscilloscope screen used for monitoring the changes in potential. The extent of the contribution from this source appeared to be relatively constant from animal to animal, and was much less than the change in activity observed on exposure to cold. When the electrodes were placed on each hind limb the error introduced from this source was small.
3 The arbitrary unit selected was the unit dial reading of the integrator.
This had been adjusted to advance one unit when spike potentials totalling 6,000 pv. were applied to the input of the amplifier. and oxygen consumption, the temperature of the colon, the temperature and electrical activity of the triceps muscle of the foreleg were recorded simultaneously.
Oxygen consumption was measured directly by a displacement method. The animals were placed in individual plastic chambers containing a carbon dioxide absorber and these were immersed in a constant temperature bath.
The method has been described previously (6).
Colonic and muscle temperatures were recorded using thermopiles connected to a sensitive galvanometer reading directly in degrees.4 The apparatus was accurate to at least o.2OC within the range used.
For an initial period of 30-60 minutes readings were taken with the temperature of the water bath maintained at 3o°C. The chambers were then plunged in a water bath at 4OC and cold oxygen was passed through the chambers to equilibrate the system at the new ambient temperature. Readings were taken for 30-90 minutes (depending on the decline of the body temperature) and once more the chambers were returned to the water bath at 30°C. After rapid equilibration with warm flowing oxygen, a further period of 30-90 minutes was allowed in which to observe recovery. 
RESULTS
Measurements of the electrical activity of muscle under different environmental conditions obtained in all four series of experiments are presented in tables I, 2 and 3. Because of the variation in 'pick-up' from one muscle to another, the measurements from one individual experiment could not be compared quantitatively with those from another. However, in series I and 2 as each rat served as its own 'control,' the increase or decrease in electrical the increase in electrical activity of muscle.
The increase in activity took place synchro--nously, and became greater, with the fall in colonic and muscle temperature. Shivering . did
Each figure represents average zo-so-min.
peri od of observation.
val ue i n arbitrary u/mine of activity in each experiment represents a, significant observation. In series 3 and 4 the average values of the groups were compared, as presumably the sources of error were similar in the two groups. Within a very short period (o-15 min.) after the ambient temperature was lowered, an increase in electrical activity of skeletal muscle was observed. This increase was not associated with obvious shivering and occurred in normal and acclimatized animals regardless of anesthesia (tables I, 2).
The ratio of increase in activity on exposure to cold was usually greater for the normal (non-acclimatized) animals than for the acclimatized. This difference in response is significant (P < O.OI), table I. Figure I illustrates the effect of cooling and subsequent rewarming on the muscular activity of a normal and an acclimatized rat.
The electrical activity of the muscles of non-acclimatized rats was higher than that of rats acclimatized to cold whether the measurements were carried out at 2o°C or within I hour after exposure to I .s°C (table 3). The differences are highly significant (P < 0.01).
In both acclimatized and non-acclimatized not occur until the temperature of the body had fallen more than two degrees. As body temperature became much lower (7) (8) (9) (10) degrees) the 'bursts' of muscular activity became sporadic, and the value of the summed electrical potentials became progressively less.
After an alteration of ambient temperature, the temperature of the body (colon or muscle) did not show a corresponding change for several minutes. The duration of this latent period, on exposure to cold, was shorter for non-acclima tized animals.
DISCUSSION
It is well established that increased activity of skeletal muscle is responsible for a large part of the extra heat production necessary may be raised as much as three-fold, was given by Burton and Bronk (7). They observed that increased electrical activity of the skeletal muscles of anesthetized cats occurred on cooling, although no shivering was evident. This observation has been confirmed in the present investigation using Wistar rats, in both acclimatized and non-acclimatized animals, with and without anesthesia. The oxygen consumption of a rat increases to two or three times its former rate immediately on exposure to a temperature of I.~OC. The rate observed in acclimatized and nonacclimatized rats does not differ greatly? If the rat is living at a temperature of I.~OC but the measurement is taken daily at 3o°C (assumed to be the critical temperature) a gradual elevation of rate occurs over a period of about 3 weeks (5, 6, 8) . The increase is between 20 and 50% above the values obtained during a control period prior to exposure. In our experience this increased level (MR300) is maintained throughout the entire period of exposure (as long as 2 years). If the rat is removed from the cold the level of oxygen consumption approaches normal rapidly at first (2-3 days) but is still slightly elevated at 7 days. In the process of acclimatization some change in the metabolism of the tissues has apparently taken place. The oxygen consumption and succinoxidase activity in vitro of the liver, kidney and diaphragm is increased by about 20% in acclimatized rats (4, 9, IO). Sellers and his associates have suggested that these changes are of importance in making it possible for rats to withstand exposure to cold. They demonstrated that an increased resistance to cold could be produced by administering cortisone and thyroxine to normal rats prior to exposure (I I). The changes in the thyroid occurring during exposure to cold (I 2), the increase in thyrotrophin found in the pituitary (6), and changes in the adrenal gland (13), together with observations on the hypophysectomized animal (14), make it seem very likely that in the intact animal exposed to cold physiological changes controlled by the pituitary take place. The results of the present study demonstrate an important difference between acclimatized and non-acclimatized rats in the electrical responses of skeletal muscle to cold. In the case of the non-acclimatized rat the activity of muscle invariably increased immediately on exposure to cold, and remained at a high level even when the body temperature started to fall.
The level of muscular activity at room temperature was significantly lower in acclimatized rats than in the non-acclimatized controls. On exposure to cold activity increased in most cases, but seldom rose to as high a level as that of the. controls. These observations can be related to statements previously made, that when measured at 3o°C the oxygen consumption of the acclimatized rat is higher than that of the normal control, but when the measurement is made at I.sOC the rates of oxygen consumption do not differ very greatly. The increase in muscular activity of the acclimatized animal need not be so great on exposure to cold, to make the total heat production even greater than that of the non-acclimatized control. UnIike the temperature of the co ntrol, usually th .e temperature of the body of an acclimatized rat was maintained. Anesthesia (urethane) caused an increased rate of fall in body temperature, but did not affect the type of result obtained, nor the difference observed in the response to cold between acclimatized and non-acclimatized rats. In both categories muscle temperature was almost invariably slightly lower than colonic temperature, and reflected changes in colonic temperature whether these were up or down. These findings suggest that with the nonacclimatized rat greatly increased muscle activity is necessary in the maintenance of, or in the attempt at maintenance of, body temperature during exposure to cold. If this hypothesis is correct, muscle activity in anesthetized rats was usually inadequate to keep the temperature of the body within normal limits under the conditions of our experiments. The findings also indicate that the increased production of heat in the viscera of acclimatized rats (increased MR3*, increased metabolic activity of liver in vitro, higher body temperature) plays an important part in the maintenance of body temperature and therefore in the increased resistance to cold shown by acclimatized rats. The findings suggest that an increase in activity of muscle is a 'second line of defense' in protecting the acclimatized rat against exposure to cold. Because of the greater production of heat in the viscera, an increase in activity of muscle need not occur unless environmental conditions become more stringent, or factors affecting loss of heat are altered.
On the basis of evidence so far available there seems to be no reason to alter the opinion that the essential change in acclimatization appears to lie in an improved ability, acquired during acclimatization, to continue producing heat at the increased rate necessary to maintain body temperature (I I). Under stringent conditions, the increase in muscular activity appears to be inadequate. Giaja and Gelineo (IS> associate the increased production of heat with the ability to metabolize body tissues for this purpose. The gradual increase in consumption of food by rats exposed to cold, in which a new high level is not reached for I or 2 weeks may also be linked with the tissue changes involved in acclimatization.
It is our intention to investigate as soon as possible the extent to which these results can be applied to man, using the same general methods as in this study.
SUMMARY
Experiments were performed in which measurements of oxygen consumption, of body temperature, and of the electrical activity of skeletal muscle of the rat were recorded simultaneously. It was found that a> at room temperature the electrical activity of the muscles of rats acclimatized to cold was less than that of normal non-acclimatized controls. b) in a cold environment electrical activity of the muscles increased before shivering was visible (cf. Burton and Bronk) . This occurred in all animals. c) The increase in electrical activity was greater in the normal (non-acclimatized) than in the acclimatized animal. d) At 3o°C the oxygen consumption of the acclimatized rat was higher than that of the non-acclimatized control, while at 2'C the oxygen consumption of acclimatized animals was of the same order as, but still slightly higher than in non-acclimatized rats (during the period in which body temperature was maintained). e) Anesthesia (urethane) while a.ffecting the degree of muscle activity, did not affect the type of response observed.
The findings indicate that the increased rate of metabolism of visceral tissues plays an important part in the continued elevation of heat production in the acclimatized rat, and suggest that in the acclimatized rat increased muscul.ar activity is a 'second line of defense' in the maintenance of body temperature on exDosure to cold. 
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